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In light of the barrage of recent reviews on 5-HTj receptor antagonists, this 
article highlights and reviews the research advances published in patent liter- 
ature between January 1998 and December 2001. The article is supplemented 
withseleaed references on design, synthesis and development of novel S-HTg 
agents to treat CNS diseases and to study and understand their mechanism 
and pathophysiology. Emphasis is given to recent advances in the possible 
involvement of S-HTg serotonergic agents in the treatment of schizophrenia 
and depression. By no means has any attempt been made to exhaustively 
review the literature but rather, primary references along with citations to 
recent literature reviews have been included in each seaion. 
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1. Introduction 

The discovery ofscvcral andpsychocic agents (notably clozapine 1, olanzapine 2 and 
scroquci 3) and antidepressants (domipraminc 4, amicripcylinc 5, doxepin 6 and 
nortrypcyline 7) as highly potent 5'HTg receptor antagonists I1.3) has led to acccler- 
ation in research cflfons toward finding more potent and selective 5-HTg receptor 
antagonists. The high 5-HTfi receptor affinity of these dicrapeutically important 
antipsychotics and antidepressants seems to suggest a possible role for this receptor, 
and hence S-HTg antagonism, in the treatment of schizophrenia and depression. 
Considerable advances have been made in the research and discovery of more potent 
and selective S-HT^ receptor antagonists since the patent literature was last reviewed 
in 1998 [A], More intriguing is die increased understanding of the mechanisro.and 
pathophysiology of 5-HTg antagonism in the treatment of CNS diseases. The 
importance of S-HT^ antagonists is manifested by the growing numbers of patents 
filed and scientific papers published in recent years. These efforts have yielded 
highly potent and selective ligands to target relevant receptor subtypes in the treat- 
ment of CNS diseases. 

5-HT (serotonin), a key neurotransmitter of the CNS and PNS, has been 
implicated in a variety of sensory, motor and behavioural processes (ij. Diverse 
effects of this neurotransmitter arc related to the extensive projections ofscroton-^r 
crgic neurons throughout the brain and large number of distinct serotonin reccp- 
tor subtypes. At least 14 distina serotonin receptor subtypes arc expressed in the 
mammalian CNS (8.9). These receptors have been classified into seven main faml- 

ht'"'^!J';L^4^'"'^' ""^P"«^ ^"btypes 5-HTi^, 5-HT,b. 5-HT,d. 

>tt 1 IE and 5-HT,f: the 5-HT2 family consists of subtypes S-HTjg and 

k 1 f ^'^'^^ ^^''^^ "^""^'^^ subtypes 5-HT5A and S-HTjg. During 

the last four years. - 90% of patent appUcauons citing CNS diseases claim seraoncrgic 
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"genu This section will cover S-HT^ «:rotonergic agents 
parfcularly 5-HT, receptor antagonists and cheir '^^iZ 

LI." CNS disorders, 

doi receptor, one of the most recently 

cloned serotonergic receptors, is a 440.an,ino acid polype,^ 
nde w.rh seven transmembrane spanning domains. typiS of 
d« G-protcn-coupled receptors WMn the transmem- 
brane reg.on, Che human 5-HT, receptor shows - 30 - 40% 
homology to other human 5-HT receptors and is positively 
coupled to adenylyl cyclase activity, n^e prominent'lo^Z 
oon of 5-HT, receptor mRNA in the nucleus accumbe.« 
«natum o^actory tubercule, substantia nigra and hippocan,-' 
pus of the bram „oi. together with high affinity of the S-HT. 
recepcor for several therapeutically imporunt antipsychotic 
and antidepr=ssar,cs suggest a possible role for this re«ptor in 
the treatment of schizophrenia and depression. In &ct the 

eZr^' ''^r' r^^y'^""' '8-t clozapine exhibits 
greater affinity for the S-HT. receptor thar, for any other 
roc^tor subtype,,. The 5-HT, receptor was identified 
us ng molecular b.ology techniques without prior knowledge 
of -t. Phy«olog,cal fl.nction or pharmacology. Subsequently, 
a number of different techniques have been used to identify 
the (Unction of the 5-HT, receptor, including experiment 
w-rh annsense oligonucleotides, transgenic anfmalfSe 

Although the 5-HT, receptor has a distinct pharmacolol 
cal profde „ „„„ mvestigation of receptor fUncdon has been 
hmdered by the lack of selective agonists and antagoni^L 
Recent expenments demonstnted that chronic intracexebrov- 

T r ."u^^"^ oligonucleotide 
directed at 5-HT, receptor mRNA. elidced a behLurZn- 
drome m rats consisting of yawning, stretching and chewing 



This syndrome in die antisense-treated rats was dose-depend- 
ently antagonised by atropine (a muscarinic antagonist) 
"nphcaong the 5-HT, receptor in the cont™! of cholinergic 
neurotransm,ssion. Therefore. 5-HT, receptor antagoniL 
may be usefiil for the treatment of memory dysft.nc.ion I.3.M). 

c ^^^^''t'^' therapeutic indications for the 
5-HTg receptor 

■ More recently, the development of newly created probes, such 
as selecuve antibodies, selective antagonists. tniLgenic ani-' 
niak and geneac Imkage studies, has been used to help further 
understand die possible rfierapeutic fixncuons of the 5-HT. 
receptor. Over the last three years diere has been substantia] 
progress ,n the elucidation of this newly discovered receptor 
The promment localisation of die 5-HT, receptor in die lim- 
bic and corn<^ regions and the discovery that die atypical 
antipsychotic drugs have higher affinity for the 5-HT, recep- 
tor suggest that diis new receptor might play a role in the 
pathophysiology of CNS diseases, such as schLphreni, and 
bipo ar affective disorder This finding encouraged a search for 
more potent and highly selective 5-HT, antagonists as a new 
dass of antipsychodcs. Few compounds aclueving high 
potency and selecavity are now available for proof of arnceot 
studies. These include ADCHSl 8, AD(1175 9 (NPS) sT 
f;046 lO SB.357m U (GlaxoSmithiGi J.'roLS 
12 and Ro 63-0563 13 (HofTmann-U Roche) 

Recently, a variety of studies have shown that die 5-HT. 
receptor is targeted by several atypical antipsychotics, includ- 
ing clozapine and olanzapine [,„. As a result, this target 'was 
hyporfiesised to contribute to their therapeutic action. 
recent studies, a silent polymorphism described in die 5-HT 
receptor gene 267^rT has been reported to ^TI^J 
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wich schizophrenia and Alzhcimcrs disease (AD) (i6J. In 
addicion, association between the good response to doiapinc 
and the T/T genotype has been rcponcd. To test this hypoth- 
csis. this polymorphism was gcnotypcd in two independent 
samples of clozapinc-trcatcd patients and a sample of olanza- 
pine-created patients, including tesponders and non-respond- 
crs. Prdiminary results of the olanzapine study show no 
association between this polymorphism and olanzapine 
response, although die results follow the same trend as that of 
clozapine. A stratified analysis of both clozapine samples 
showed a slight association between the polymorphism and 
. clozapine response genotypes « 0.05) and alleles {p = 
0.02). It has been concluded chat these results provide farther 
evidence, to suggest that the 5-HT, 267-C/T polymorphism 
may contribute to the prediction of clozapine response [is] 
In a study. Vogt ct al |,6) performed a systematic mutation 
scan of the complete coding region and splice junction of the 
S-HTg receptor gene to explore the contribution of this gene 
CO the development of bipolar affective disorder and schizo- 
phrenia. Investigating 137 unrelated individuals (including 

45 bipolar affective patients, 46 schizophrenic patients and 

46 unrelated controls) and comparing frequencies between 
patients and controls, die authors claimed a significant over- 
representation of the 267C allele among bipolar patients {p = 
0.023 not corfipctcd for mulripic testing). This finding was 
followed up in independent sample of 105 bipolar Bimily 
trios using a family based association design. Fifty-one trans- 
missions could be examined and alleles 267C and 267T were 
transmitted to the affected offspring in 30 and 21 cases 
respectively The authors claimed that these preliminary data 
suggest that bipolar affective disorder may be associated with 
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variation in the 5-HT6 genes and it will be important to 
extend the present analysis to larger samples {i6]. 

The advent of pharmacologically selective 5-HT6 receptor lig- 
ands has allowed experimental confirmation of previous cxperi- 
mental outcomes from andscnse studies supporting die role of 
die 5-HT6 receptor in the control of central cholinergic func- 
uon. Cholinergic involvement in mediating 5-HT^ reenter 
flinction was also suggested in a behavioural study of rats unilat- 
eral ly-lcsioned widi ^hydroxydopamine. Unlike L-DOPA or 
amphetamine, Ro 04-6790 did not cause rotational behaviour 
in these rats. However. Ro 04-6790 did attenuate scopolamine 
and atropine-induccd circling behaviour in a dose reUied man- 
ner. Rcproduaion of diese effccis using SB-271046 was not suc- 
ccssfij, suggesting diat die cxaa nature of die S-HTg receptor/ 
cholinergic ihtcraaion sail demands fiirdier resolurion. In a 
separate study, die acetylcholinesterase inhibitor, physostigmine 
elicited yawning in rats, which was modestly poccnciatcd by SB- 
271046. There is dearly a need to iWicr investigate die 
involvement of die receptor in diis behavioural syn- 

drome (yawning) using a wider range of antagonists from differ- 
ent scructuraJ classes. Ncvcnhelcss, recent co-localisation studies 
m rat brain seem to suggest diat die 5-HT6 receptor regulation 
of central cholinergic transmission is not via direa dis-inhibition 
of central cholinergic neurons perse, but dirough dis-inhibidon 
ofGABAergic neurons h?-!?]. 

Despite die conflicting results obtained in the behavioural 
syndrome studies (diought to be mediated by 5-HTg recep- 
tors), there are some areas of concurrence in the study of 5- 
HT<; receptor pharmacology. The cognition-enhancing prop- 
ertics of SB-271046 and SB-357134 were investigated in the 
Morris water maze test of spatial learning and memory in 



progress in 5-HT, receptor antagonists for the treatment of CNS diseases 



14 



\ 
R 




15 



raij. The administration of SB-271046 or SB-357134 had no 
effect on learning ^CT-jf. however, boch compounds produced 
a significant improvement in rcicntion of a previously 
learned task. By concrasc. the acetylcholinesterase inhibitor 
donepezil (Aricept-TM, E\^) had no effect in this task." 
thereby demonstrating thai-S-HT^ receptor antagonism may 
be mvolved in cognitive function. Similarly, Ro 04-6790 or 
5-HTg antiscnsc oligonucleotide enhanced recendon of chc 
learned platform position in the Morris water maze, without 
affecting acquisition. These preliminary results suggest that 
S-HTg receptor antagonists may play a role in the treatment 
of cognitive dysfunction |20-23|. 

Interestingly, a recent in vivo microdialysis study demon- 
strated an interaction between ihc S-HTg receptor sysicm and 
glutamate. The S-HT^ receptor antagonist SB-271046, was 
found to increase frontal cortical extracellular gluumate and 
aspartate levels in a tetrodotoxin-sensitive manner. Levels of 
ncurotransminers, such as noradrenaline, dopamine and serot- 
onin were unaffected in die frontal cortex. In contrast, none of 
die neurotransmitter levels in the striatum were affected. This 
receptor antagonist effect on cortical glutamate levels is 
of particular significance in view of the hypodiesis of gluta- 
mate hypoKincdon in schizophrenia. In addidon. these data 
may also provide clues to die mechanism of acdon of 
antagonists in the faciliudon of cognidvc funcrion 124-26). 

Further involvement of receptor antagonists in sei- 

zures (anticonvulsant) (27-23], depression and anxiety is presendy 
under cvaluadon. As new and selective S-HT^ receptor antago- 
nist tools become more widely available, it is now possible to 
evaluate die pharmacology of diese compounds widi rcspea to 
direct interacuon widi the S-HT^ receptor and d^ereforc deter- 
mme die dierapcuric potential of dus novel target. 

3. Emerging S-HTg receptor antagonists 

^ Much. research is in progress to find new and more effective 
medication or therapies for CNS disorders. There is growing • 
interest in this exciting field as evidenced by the active panic- 
ipation of essentially all major pharmaceutical companies and 
the number of related patents. Preliminary studies suggested 
chat clozapines exceptional properdes, especially its efficacy 
m trcatment-rcsistant patients and lack of cxtrapytamidaj 
side effects, might possibly arise from sclccuve antagonism of 
the 5-HTg receptor rather than dopamine D2 and D4 
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receptors. These findings have ignited die search for more 
potent and selecdvc receptor antagonists as a new 

class of safer and more efficacious andpsychotics. Recent 
drug discovery efforts in the serotonin field have clearly been 
oriented towards the development of more selective ligands 
that discriminate between S-HT^ and other serotonin recep- 
tor subtypes. Considerable efforts arc currently focusing on 
the development of novel and seleaivc 5-HTg receptor 
anugonists, notably from companies such as NPS Pharma- 
ceuticals, GlaxoSmithKline, Hoffmann-La Roche, Merck 
and Pharmacia fic Upjohn. 

3.1 NPS Pharmaceuticals 

NPS researchers have reported the discovery of several scries 
of highly potent and selective human S-HTg receptor antago- 
nists. The first patent from diis group was published in 1999, 
describing a novel series of B-pyrroIidin-l -substituted indole 
derivatives represented by die general formula 14 for die treat- 
ment of schizophrenia and other CNS diseases iso.ioij. A.wide 
range of substituted N-bcnzoyI and sulfonyl indoles were pre- 
pared by parallel synthesis and many of dicse compounds 
were found to demonstrate excellent binding profiles. The 
structure-affinity reladonship in this series shows that 5- 
cydohcxyloxy-IH-indolc derivadvc 15. was a potent S-HT^ 
receptor ligand (Kj = 0.93 nM) and exhibited fUll agonism 
(IC50 =: 16.5 nM). However, die introducdon of die phenyl- 
sulfonyl group at die nitrogen of die indole skeleton led to 
derivadvc 16, with reversal of fijncdonal aaivity from agonist 
to antagonist (K^ . 0.87 nM and IC50 = 53.8 nM). The 
replacement of die phenyl moiety in derivadvc 16 with a 
mediyl group led to its analogue 17 with 267-fold decrease in 
receptor affinity (K, « 233 nM). A range of lipophilic aromatic 
sdfonyl groups were tolerated, giving compounds widi high 
affinity for the human S-HT^ receptor. On die other hand, 
replacement of the cylohexyloxy group of 16 widi a simple 
chloro group afforded the lead compound (ALXl 161) in diis 
series. A1JC1161 exhibited excellent human S-HT^ receptor 
binding (Kj » 1.4 nM) and demonstrated good antagonistic 
Privity (IC56 - 8.5 ± 1.1 nM) in a cAMP fUncdonal assay 
Furthermore. ADCll 61 displayed > 100-fold selectivity over a 
battery of 40 odier receptors and binding sites, including ser- 
otonergic and dopaminergic receptors. Upon pharmacoki- 
netic analysis in rat. ADCn6l displayed an average whole 
brain versus plasma ratio of 23.4 ± 2.8 following i v 
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adminiscration, c„ . 91 ± 6 min. 5tc«ly-sute volume of 

oon and oral b.oavalabd.ty -174 9% foUowing po. wlminij. 
cracion in male Sprague-Dawley racs. 

SunUariy. in another patent application the same group 
dauned a ser,es of novel piperidine indole derivatives Lre- 
«nted by the general formula 18 and having human S-HT, 
receptor aflfimcy. This class of compounds was claimed for the 
treatment of a variety of CNS diseases, including AD, Hunt- 
mgtons chorea, schizophrenia, cognitive disorder and manic 
dcpress,on |3,.,o:), SAR studies show that the nature of substi- 
rnuon of the indole moiety at d,e 5-position does not afFea 
Che 5-HT, b,nd,ng activity. In &ct, keeping the substitution of 
the indole nitrogen fixed as Ae phenylsulfonyl group, substitu- 
tion at the 5-pos,non of d,e indole skeleton with R, (R, groups 
such as a hydrogen 19, fluoro 20. chloro 21. triHuor^methyl 
22 or trifluoromethoxy 23), led to approximately rf,e same 5- 
, J' ""P'°' ^"'"'"y P™f"= (Ki- 3.1 nM, 2.5 nM, 3.0 oM 
2.2 nM and 4.9 nM. respeaivdy). I„ contnist. the disubsti-' 
tuted indole d^ivativcs such as. 5.7-dinuoro l.(naphthylsulfo. 
nyl) indole 24 led to a decrease in the human 5-HT, receptor 
attjmty compared to its mono-substituted analogue 9 
ALXllZS) (1^= 1 ind 21 nM. respectively). Furthermore, the 

1- naphd>ylsulfonyl derivative 9 was about 20-fold more potent 
« the human- 5-HT, receptor compared to d,e correspondins 

2- naphlhylsulfonyl analogue 25 (H; = 1 oM vs 19 5 nM 
respectively). In d,e fiinctional adenylyl cyclase assay, the most 
potent compound. ADCl 175 was found to be a ampcdtive 





24 

antagonist {]C„ = 23.7 ± 4.2 nM) with > 100-fold sdectivity. 
over a number of odier key receptotj. AlX-n75 has good' 
t-NS penetration (whole bnin vs. plasma ratio of 43.4 ± 5 9 
following iv. administradon). t,, = 60 min and oral bioavaila- 
bility = 19 ±0.2%. 

Replacement of the piperidine ring in ALX-1 175 series with 
biq^dic-piperidine and bicydic-piperazine moieties was the 
subject of anodier ^tent application by the NPS research 

^'Z^'"* "f""'^' '^"^ P«'"' ^ «=m- 

pimed by 26. These compounds were stated to be 5-HT. recep- 
tor antagonists usefiii for the treatment of psychosis, 
schoophrema, depression, manic depression, neurological and 
meniory disturbances. Parkinson's disease (PD) and amyo- 
i^phic lateral sclerosis. Over 50 analogues were exemplified. 
Ihe compound, 5-auoro-3-[(aa-i?.5)-l,2,3.5,8.8a.hexahy- 
dro.ndoliiin.7.yl)-I.phenylsulfonylindole 27 and dieir ana- 
logues (3,5-bicyclic-piperazine 28 and 6.6-bicyclic-pipenizine 
^» were among d,e specific compounds claimed. The binding 
affimty of th«e compounds and Aeir Actional activity at the 

k . VI' " Compound 27 =i 

showed > 90% inhibition (at 1 pMi of mdioligand binding at 
the hurnan5-HT4 receptor and < 10% binding aaivi^- at 5- 
"ijA. 5-HTjc and 5-HT, receptors. Compound 27 was also 
claimed to antagonise human S-HT^ receptor mediated cAMP 
aocumuladon in HEK-293 cells (.031. In addition, die NPS 
Chemists designed and synthesised novel azaindole derivatives, 
« a second gcneradon of the previously mentioned series. The 
compound 3-(I.2.3.5.8,8a.hexahydroindolian-7-yl).l.naph. 
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chcIcn-l-ybuifonyO-S-azaindolc 30 was one of che compounds 
specifically claimed. Compound 30 showed > 95% inhibidon 
(at 1 HM) of che human S-HTg receptor and is one of four 
compounds shown 10 reverse die stimuiauon of adcnyiyi cydasc 
by 5-HT in HEK.293 cells expressing xhc human S-HT^ reccp- 
tor 1104). The same team elegandy designed highly potent and 
selective human S-HT^ receptor ligands, by moving die bicy- 
chc-p.pendine and bicydic-pipcrazine from the 3.position to 
the 6-posidon of the indole siccicron. This novel scries was 
exemplified by die 6-bicyclopipera2inyl.l.arylsulphonylindoles 
. and die fi-bicydopipcridinyl-l-arylsulphonylindolcs having d^c 
general structure 3Mn general, all of die compounds tested 
above were found to be very potent at the. human S-HT, recep- 
tor widi Revalues < 10 nM. In d;c case of the bicyclopipenmne 
derivatives, the 6. $-bi cyclop ipcnzinyl-l-arylsulfonyl indole ana- 
logues were more potent than d^c corresponding 6,6-bicyc!opi. 
pcrazinyUl-arylsulfonylindole. For example, compound 32 
where R is a 1-naphdiyl group, binds to the human S-HT^ 
receptor with a K; value of 0.19 nM. The analogue 33 where 
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the R group is p-iolyl has a value of 3.3 nM. These analogues 
have a greater affim'ty for die human S-HT^ receptor dian their 
bicyclic homologucs 34 and 35. widi Rvalues of 2 nM and 4 7 
nM. respectively. Of die monocyclic and bicyclic aromadc sul- 
fonyl groups studied, die lipophilic bicyclic substituent. such as 
the Unaphdiyl group, was beneficial to human 5-HTg receptor 
activity. The rapid opdmisation of die aryl sulphonyl groups (1- 
naphdiyl group favoured) along with die realisation diat die 
6 5-bicyclopipcra2inc.s>'stcms were generally more potent than 
the corresponding 6.6-bicyclopipera2inc homoiogue. prompted 
the exammadon of die 6.5-bicyclopiperidine analogues 36 and 
37. Bodi isomers 36 and 37 (designated as die less polar and 
the most polar, rcspecdvcly) demonstrated sub-nanomolar 
human S-HT^ receptor afFinity (K;* 0.8 and 0.7 nM respec- 
tively). In addidon. die 6.5.bicycIopiperidine analogues 38 and 
39 maintained good S-HT^ receptor activity (K^ = 4 7 and 1 2 
nM. respecdvely) fiirdier indicating die degree of structund var- 
lations allowed without compromising S-HT, receptor affinity. 
In die funaional adenylyl cyclase assay, the most potent 
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m.dc 79 was among 13 compounds specifically claimed 
Although, no biological data were disclosed, these com- 
pounds were seated to show pK, values of > 7.0 |n4]. The out. 
come of chcse medicinal chemistry efforts led to the 5- 
chJoro.3.methylben20thiophene 73 a. the optimal com- 
pound for further evaluation. Pharmacokinetic studies of 
compound 73 at steady-state in rat following a 16 h inf^ision 
deiponstrated that, ir was moderately brain penetrant (18%) 
and had relatively low blood clearance compared to 73 (12 5 
ml/min/lcg vs. 60 ml/min/kg). However, in rats, compound 
73 was metabolicaliy labile, undergoing N-demethylation to 
the corresponding NH-piperazine analogue 56-271046 The 
receptor binding profile of SB-271046 showed a slightly 
reduced human 5.-HT, affinity relative to the N-mcchyl- 
piperazine.derivacivc 73 (pK,= 8.9). SB^271046 was shown 
CO be a competitive antagonist with a pA^ value of 8 7 Fur- 

0 200-fold) against a battery of > 50 receptors, enzymes, or 
•on channels. Pharmacokinetic studies demonstrated this 
metabolite to be moderately brain penetrant (10%), subject 
to low blood clearance (7.7 ml/min/kg) with a good half-life 
«n rats (4.8 ± 0. 1 h) and had excellent oral bioavailabUity (F = 
80%) The replacement of the (4-methoxy.l.pipcra2i. 
nyDphenyl moiety in 73 by quinoline substituted at the 4- 
position 8P. yielded a similar binding affinity for the 5-HT 
receptor (pK; « 8.7) {47j. In an attempt to increase the brain 
penetration of these compounds, fUrther SAR development 
in the piperazinc-bcnzencsulfonamidc scries (i.e., replacing 
sulfonamide NH with more lipophilic groups) led'to the dis- 
covery of conformationally restriaed indoline analogues 81 
and 82 with high affinity for the S-HTg receptor (pKj = 9 5 



and 8.4. respectively). Similar conformational analogues 
such as the cetrahydroquinoline and isoquinoline derivatives 
83 and 84 also possessed good J-HTg receptor affmity UK-. 
9.5 and 9.3. respectively). However, compounds fi-om this 
sencs such as 82 and 84. had in vivo clearance in rats > liver 
blood-flow (« nsi. These efforts also . led to discovery of the 
I IJ radiolabclled compound 4-iodo-A^-[4-mcthoxy-3-(4- 
rnethypipcrazin-l-yDphenyllbenzenesulfonamide 76 
TO-258585). In addition to PH]-Ro 63-0563. 
I IjSB-258585 is an important tool for helping the scien- 
tific community in fUrther understanding the therapeutic 
benefits of die S-HT^ receptor i39.«J. 

3.4 Merck 

Through internal screening of their sample collection, Merck 
recently reported their discovery that N-(arylsulfonyl)indolc 
derivatives were potent, selective human 5-HT6 receptor lig- 
aiids (50.116). This finding was previously reported by Glen- 
non ctaL in collaboration with NPS pharmaceuticals. One 
lead candidate, compound 46. was found by both groups to 
be a potent and selective human S-HT^ receptor antagonist, 
bimilar results were also obtained upon profiling this com- 
pound against a number of serotonin and dopamine recepr 
tors. demonstrating that 46 exhibited considerable affinity ' 
for the 5-HT2 receptor (Kjat 5-HT2 was 65 nM). However. 

Merck researchers then determined whether compound 
46 penetrated the brain and interacted with the serotonin 
receptors by using head twitch response elicited by S-HTj 
receptor agonist, such as mescaline and DOI [l-(2.5-dimeth- 
oxy-4-iodophenyl)-2-aminopropane]. that is seleaivcly 
blocked by selective 5-HT2 receptor antagonists. In this 
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I^Ti'* ^ ^"T«= ""P'"" (I^ = 130 ± 65 nM IC = 

«» «le„yjyl cyd^ ^ Compound 46 lacked agoni/char- 
»cier «a concentration of 10,000 nM. Howler, Ai, single con- 
c«.«t.on completely blocked 5-HT-stin,ubted adenylyl cyd^e 
^.Vty. Subsequent testing showed that compound 46p^ 
auccd .nK.b,t.on of adcnylyl cyclase activity In a dosc-dcpcndL^ 
mannet = 8.88 ± 0.2 nM) Glennon c,>U aUo'^ 
severJ 2-aiky|.5-mctho=cyu,T,taraine analogues. The SAR 
showed that the 5-HT, receptor accommodat^smd, ^ 
sctuents at the 2-posidon of the Indole skeleton and the 
rcsultmg compounds can bind wid, affinities comparable co tha! 
of serotontn 47. Analogues 2-med,yl.5-methoxy.;?7V^iLX 

2.ph y|.5.methox^A'.yV^<,im^y,,^ Ji-J ^5 
^nj«,sed for examination of detaUed Ending profiles. Z 

latins, including serotonergic and dopaminergic receptorTj^d 

ri^r^hir W "^"""^'"^ " > concen^LtTon of 
1 MM at the majonty of these receptor. Compounds 55 and 56 
bmd to human 5.HT, receptor with comparable afl^ity 
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^ ' t * ^ "'^^ ^=P«^«'y) wid, affinity sin,, 

lar to that of clozapine (K,. 10 ±3). Ue duee compound (54 

q.das. Wh.1. , compounds 54 and 55 behaved as fiJl agon^. 

nJ • S " ? ""P"""^ 56 showed no agonist 

acuvty. Anod,er dea was to subsequendy incorporate a 2^aIM 
ubsotuent .nto d,eN, -substituted analogue Z retained goTd 
eceptor afHnity, Nl-med^ylation of 5-med,oxy.Ar^. 
jmed^ylto^tanune 57 (1^=78 nM) deaeascd i-HT^Z 
affimty of d,e rauJdng compound by > 6-fold (58. K T5Z 

OJ. IS ' 240 nM) or n-propyt group (60 K - 200 „|J> 
■ncrea^d the affinity for d,e J-HT re^Ior byTforHtS 
ever d«se compounds (58. 59 and 60).did not bind as su«^. 

Siop^i dTvaT 1 5= ifontd rrr^"« 

analogues. However, none of d,ese comoounH. A- 1 j ^ 
cor-dy enhanced affimty. Compoun^Tlch ' \ ■^"''i- 
as t^ic U^disubsdtuted analogue of.lXr/s Ul^ 
prepared for evaluaoon a^d found to bind v«'th reduL^t 
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(Kj = 1030 nM). FinaUy. chc 2-«hyl group in 57 was ccthcrcd to 
afford compound 63. Compound 63 was found co bind to the 
J-HTg receptor with ~ 3-foId lower aiHnicy dian 55 (IC « 
168 nM) (35.37.iO6). ^ 

3.2 Hoffmann-La Roche 

Hoffmann-U Roche researchers were the first to idcncify 
potent and selcaivc ^-HT^ receptor antagonists exemplified 
by the two lead compounds 4-amino-/V-(2.6-^«^mechyl- 
amino-pyrimidin-4.y|)-bcnzcnc sulfonamide Ro 04-6790 and 
4-amino-M(2.6-^ij-mechylamino-pyridin-4-yl).bcnzcnc sul- 
fonamide Ro 63-0563. These two compounds were found to 
have reasonable affinity for chc tat receptor (pKj - 7 8 

and 7.9, respectively) and > 100-fold selectivity over other 
receptor sices. Furthermore, diesc compounds behaved as 
competitive antagonists, causing a parallel shift in the dose 
response curve to 5-HT. and had no efFcct on the basaJ level of 
cAMP, suggesting that they arc antagonists at the 5-HT. 
receptor |08). Ro 04-6790 wa. sufflciendy brain penetrant 
diat a dose of 30 mg/kg was predicted to occupy > 70% of 5- 
HTg receptors. Ro 63-0563 was radiolabelled with tritium in 
positions 3 and 5 of chc benzene ring and used to label both 
the rat and human recombinant receptor systems 139] Specific 
binding of PH]-Ro 63-0563 to recombinant rat and human 
5-HT6 receptor was saturable, rapid and reversible with 
respective equilibrium dissociation constant or JC^ values of 
5.8 and 4.96 nM. The pharmacological profile of both rccep- 
:ors radiolabelled wich PH]-Ro 63-0563 was similar co that 
obtained widi eidicr (3H)-LSD or PHJ-S-HT Rcccndy. Bos 
^tal published the SAR within the Ro 04-6790 and Ro 63- 
)563 scries. It has been shown chat the ethyl group at the 
mino substicuent 64, as well as small rings such as azctidine 
«5 and pyrrolidine 66 in position 2, gave compounds with 
imilar 5-HTg receptor affinities compared to the lead com- 
•ound 12. The introduaion of larger groups or no substicu- 
on at chc amino group in this posidon, led to ligands wich 
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reduced 5-HT6 receptor affinity. It was claimed diat omitting 
the 4-amino fimaionality of die lead compound 12 or replac- 
ing it by other substitucnts. such as halogen or alky] groups 
resulted in a loss of receptor affinity. Replacement of 

the pyrimidinc derivative wich a pyridine 13 increased binding 
affinity (pK^ = 7.8). The bromo substituted compound 67 
showed a decrease in human receptor affinity, with a 

concomitant increase in compound lipophilicicy (^j^. = 7.3 
and logD = 17, compared to 7.8 and 0.03 for 13). Replace- 
ment of the heterocyclic nucleus with a simple phenyl ring 
produced ligands with high affiniries for die 5-HT6 receptor. • 
For example, for the bromo-amino (68) and medioxy-amino 
(69) derivatives bind widi affinities (pKi) of 7.7 and 7.8, 
respectively Incorporadon of the amino nitrogen of chis series 
of ligands into a 4-sulfiimoylsubsticuced indole led to potent 
5-HTg receptor antagonises, such as 4-(4-aminobenzylsuJfo- 
nyl)-6-bromo-lH-indole 70 (pKj = 7.3 and logD - 1.77) (4o- 
.42J071. SimUarly, in anodier patent application die same team 
claimed a scries of novel pyrazolopyrimidine and pyrazolocri- 
azine compounds widi S-HT^ receptor affinity. These ligands 
were claimed to be smtabic for the treatment and prevention 
of AD. Huntington's chorea, motor neuron disease, PD, psy- 
chosis, schizophrenia and depression, 3-(bcnzcnesuJfonyI)-5- 
mechyl.2-(mcdiyldiio)pyrazolo[1.5-a]pyrimidin-7-aniine (71) 
. was one of the compounds specifically claimed. Standard assay 
mediods were used to determine 5-HT6 receptor binding 
affinity. The compounds exhibited pK; values in the range 
6.5-9.5. However, no specific data were disclosed [m], 

Ro 04-6790 was chc first potent, selective receptor 
iintagonist used in behavioural studies (38.43J. As a confirma- 
tion of the in vivo activity of this compound. Woollcy etaL 
reccndy published a study investigating die effect of intracere- 
btoventricular administradon of 5-HT6 andscnsc oligonucle- 
otide (5-HTg AO) complementary to bases 1 - 18 of the rat 
cDNA initiadon sequence (1.5 mg b.i.d. for six days) and i p 
mjcccion of Ro 04-6790 (10 or 30 mg/kg once-daily for three 
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compound 32 Woui,d co b. a compedtivc ancagomst (IC^ = 
7^ nM), with good sdectivity over a number of ocher key s«o- 
tonergic and dopaminergic ^cepiors 

Wjdy. NPS rcseardje. also published a series of S-fluorJ: 
W-3-(A;.methypyrrolidin-2.y|.methyl)-l.a^rindoIe deriva- 

SAR showed Chac the s,mplc phenyl analogue 40 was a promis- 
uig mioal lead g,ving a highly porcnt hun,an 5-HT, receptor lie- 
and wtch a 1^ value of 2.7 nM and a seleaivity'ofl^s fofd 
vem» human 5-HT, receptor. By comparison, che pyrid>d J 
bgues 41 „d 42 gave greatly reduced potency and selecriL (K 
^u«of295- 47nM.respectivdy.and3.6-4.7-foldsele^cd!: 
Z^r^ ' °" phenyl ring was 

tT " -^.T"' S.i.s6.n^,„ wid, a single methyl 

^duc prov,d^ compound 43 with an enhanced human t 
HT, receptor affinity (compared to 40) and good selectivity over 
the 5-HT, receptor. Ihc med,oxy residue in die mcu. position 
(44) or^^™ position (45) retained 5-HT, receptor binding 
afttn^ty. However, die concomitant reducuon in 5-HT, receptor 
affinity resulted in an enhanced 5-HT/5-HTs selectivity (85 5 

leafevourable, w,d> reduced potency and only moderate S-HTJ 
S-hfTj sdecuvity. Subsdtution widi fluora at die j>an. position 
suited in enhanced binding (S-HTj . 0.34 nM) and eood 
^ecuvi^ (5 HT/S-HT, . 70.5.fold) but cn^ ..bsdtu'i^ 
cWeased b.ndrng affinity (3-fold less potent dun simple phenyl 
analogue 40). In contiast to die Buoro and methyl at para posi 
Mn analogues diat resulted in improvements versus. compound 
40, die combmation of die two groups in die triiluoromediyl 
analogues resulted in reduction of bodi poteiicy and selectivity 
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versus compound 40. The nitro group was not well-tolerated. 
gmng results simUar to die pyridyl analogues 4l and 42. wid, 
reduced potency and selectivity versus compound 40. Of die 
dimethyl analogues examined, only die 2.3-dimed,yl analogue 

n'^A^ • "M) and selecuTty 
(5-HT,/5-HT, = 13I.fold) over 40. The symmetrical S.S^Iime- 
thyl <ien«.t,ve was leas, wdl-oicrated. losing bod. potency (5- 
HT^ ,165 nM) and sdecuvity (5-HT^5-HT( = 9.2-fold) ,35, 
Sumlariy. .n collaboration with NPS Phormaceuticds. Prof 
Glamon cral have described a series of Nl-(benzenesulfo 
nyljtrypamuie derivatives as novd human 5-HT, receptor 
anagomsts. Nl.Benzenesulfonamido-5-mcdio;,y-A^.yV-dimed,- 
yteyptamtne 46 binds to die human 5-HT, receptor widi higher 
f^-^^,:^^ - "^^ ^' °f 5-HT (47, 1^ = 78 ± 
6 nM) .tselE Replacement of die N,.ben«nesulfonamido group 
m compound 46 wld, die sterically larger 2-naphd,alene-sulfon- 
amido group 48, 1-naphdialencsulfonamido group 49 or 2 5- 
imerho^henyl 50 also had tele effea (I^ = 1 .6 ± 0.3 nM aiid 
uen'r nf ^ respectively). Moving die 5-medK,xy substit- 

uent of 46 to die 4-, 6- and 7.posidons led to analogues 51 52 

^ J'rf '"'7, °'^y ^ - ^^^'^ "hen com- 

J = > -3 ± 0.2 nM) is compared with 51 (I^ = 7.4 ± 

compound 46 for die human 5-HT, receptor, die binding of 
this compound was examined at several other serotonin receptor 
populations and it was found .0 have > 100-fold selectivity over 
oroiomn ™:^oa such as h5-HT>^. hS-HT.e, h5-HT,E, h5- 
HT, and h5-HT,. In contnst. 46 displayed high affinity for rat 
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days on acquisition and retention in the morris water maie 
NelAer the 5-HT, AO nor Ro M-6790 affected acquisition' 
but both enhanced retention of the learned platform position 
«ueh that the rat spent significandy longer searching the 
trained platform position than any other area during the 
probe tests. Furthermore, neither AO nor Ro 04-6790 had 
any effect on the time talcen to reach a raised visible platform 
mdiatmg that visual acuity was unimpaired. In addition' 
annsense ohgonudeotidc reduced both food consumption 

T nfflZ"^^' ^ following 

Ro 04-6790 suggesting a role for the 5-HT, receptor in the 
regulation of feeding. Hence, while the undedying mecha- 
nism remains unclear, enhanced teiention of spatial learninE 
foUowmg both AO and 5-HT, receptor antagonist adminis! 
trafon strongly indicates a role for this receptor in memory 
processes |«). Furdiermore. as mentioned above, i.p. adminis- 
tration of Ro 04-6790 produced a behavioural syndrome in 
rats consisting of yawing, stretching and chewing, which 
could be aritagonised by atropine and scopolamine, suggest- 
mg a modulatiop of cholinergic mechanisms [umi 

33 GlaxoSmithKline 

High-throughput scretrning efforts from the SmithKline Bee- 
Cham group (now GlaxoSmithKline) against the human 5- 
HT, receptor led to the identification of 4-bromo-yV-(4. 




„„. , . —"w., u4 t-uromo-/v-l<l 

mcthoxy-3(4-mcchoxyp,pcra2in.]-yI)phcny!]benzcncsulfona. 

ijcp&T Opki. Ther. Patents {2002) 12(4) 
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midc 72 as the lead compound. Compound 72 showed excel- 
lent binding affinity for the S-HT^ rcccpwr (pK^ » 8.3) and 
> 50-fold selectivity over a number of other key receptors, 
mcludmg 5-HT receptor subtypes. Furthermore, compound 
72 wa. found to be a competitive antagonist in a functional 
mode of S-HTfi receptor activation where, S-HT-stimulaccd 
adcnylyl cyclase activity in membranes from HcLa cells trans- 
fectcd with the human S-HT^ receptor (pK^ ^ 7.B ± 0.2). 
The pharmacokinetic studies at steady-state in rats, following 
8 h i.v. inflision demonstrated that compound 72 was mod- 
crately brain penetrant (25%). but was subject to rapid blood 
clearance (- 60 ml/min/kg). resulting in low oral bioavaila- 
bility (F = 12% via po. administration). The SARs around 
the aryl group of the sulfonamide moiety of the lead struc- 
ture 72 yielded a range of affinities for the 5-HT. receptor 
with a number of analogues, such as derivatives 73 - 77 
These compounds demonstrated improved binding profiled 
compared to die lead compound 72 (pK « 9.2 9 1 8 9 8 6 
and 8.5. respectively). On the other hand." the' pollr'aryi 
groups, such as imido^ole ring 78. showed very poor human 
5-HT^ receptor affinity (pKju 6.1) I46.iw.„3l. The replace- 
ment of the sulfonamide group by a benzamidc moiety was 
Che subject of another patent application from the same 
team. These compounds were claimed to be selective antago- 
msts for the S-HT^ receptor. Compound N-[4.methoxy!3- 
(4.methylp,pera2m-I-y|)phenyl].M^„hy!.4.phenylben2a- 
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^ 95 
Of cho« ligand.. The binding affinities (K, vaJu«) were in 

aminolcchanol 93 Is one of 22 compounds spccinLly 
claimed, having a value of l.I nM iu9i The second pat- 
cnc apphcacion disclosed a family of aminoaikoxy carbazolcs 
as 5-HT, receptor ligands. Similarly, the compounds were 

assessed for cheir in vitro 5-HT, reccnrnr Kln^:^ 

J 1^ . receptor bmdmg activity 

and showed values ranging from 2.2 nM to 482 nM The 
speafic compound. N-[2.{9.benzyl-6.methyl.9H<arba2o|. 
4-yioxy).ediyl).Mmethylamine 94. was one of 62 analogues 
spccificaJly claimed and had a K; value of 2.2 nM luoi 

Daring the preparation of this review, a diird patent 
application was published from Pharmacia & Upjohn on a 
series of b,s-arylsuJfone derivatives exemplified by the Rcn- 
eraJ structure 95. These compounds were claimed to be use- 
ful tor the treatment of diseases in which the 5-HT 
receptors. particulaHy che 5-HT, receptor, is implicated 
such as anxiety, depression, schizophrenia, obsessive/com- 
pulsive disorder, migraine, addiction, obesity, eating disor- 
ders, sleep disorders and numerous odier CNS diseases 
These compounds were stated to be S-HT, receptor ligands' 
which selectively bind to the receptor. The specific 

compound 5-(1.4-diazepan-l.yl)-2(4-fluorophenyIsulpho- 
nyO-Mmcthylanilinc 96 is one of 222 compounds spccifi 
caJy claimed. The value for the corresponding 
hydrochloride was found to be 1.4 nM (12!). 



.4. Expert opinion 



The S-HTfi receptor was identified and characterised using 
moleailar biological techniques and evidence is accumulating 
chat this receptor mediates specific ftmctions. Based on die 
aforementioned evidence, it is now becoming clear that tar- 
gccmg the S-HTfi receptor widi selective antagonists is a viable 
drug development strategy, since novel drugs with potential 
tor treating a large number of common disorders, including 
schizophrenia and cognitive dysRinction. arc possible Fur- 
thermore. the CNS specific localisation of this receptor maices 
this target very attractive for che treatment of CNS disorders 
with little likelihood of peripheral side effects. As a result, die 
Identification of potent, selective and structurally diverse 5- 
HT, receptor antagonists, such as those described above 
should give researchers confidence for investigating whether 
the observed pharmacological effects arc due to 5-HT. recep- 
tor antagonism or to the properties of a panicular compound 
In addition, the growing number of novel scleaivc 5-HT.^^ 
receptor ligands from die different structural classes should ' 
also help in resolving the lack of agreement in previous animal 
experiments. The ongoing drug discovery efforts geared 
toward the development of novel 5-HT, receptor antagonises 
can potentially usher in a new gcncmtion of drugs with 
enhanced efficacy and reduced side effects. The development 
of these drugs may revolutionise die treatment of a number of 
common CNS disorders. 
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model dcnvacve 46 dojcdcpendendy reduced the mesca- 
Ime-mduced head cwitches in rats when administered i p 
suffiesdng an..n Wv<, CNS effect. In addition, pharmacoki- 
neuc anab^is in rats showed d,e brain-plasma ratio of 7 4 at 
30 min after ..p. administration of compound 46 (3 mg/kg) 
Further structure-activity variation within die indole sulfo^ 
«r,es, led to the discovery of the 4-aminoediylindole uu- 
loguo 85. 86 and 87. which displayed 5-HT, receptor bind- 
■ng affinity with values of 2.4 nM. 1.5 nM and 3.0 nM 
respect,ve|y However, subsequent functional analysis of com- 
pound 86 showed partial agonist behaviour. A large sterically 
dernandmg substituent in die 2-position of the indole core 

M ^""P- ^" ^'"-'"'"^"d in the ptesence of 

the N-I benzenesulphonyl groups, as illustrated by com- 
pound 87. It previously discovered by NPS researchers 
chat removal of the N-1 benzenesulphonyl group was detri- 

r^l" t ^Vl' "V^"" """2°"'" '"-"y- Merck 
researchers showed that d,e introduction of an ethyl ester 
funa>on .n the 2.position cf the dimethyltryptamine in the 
absence of N-1 subst.cution recovers both 5-HT, receptor 
aftin.ty and antagonist activity (compound 88. K = 20 nM) 
Although ch.s compound possessed teasonable human 5- 
Mr, receptor affinity. It was not very selective over oAer 
serotomn and dopamine receptor subtypes. Further elabora- 
tion of the carboxy functionality to die 3-med,oxyben2ylo«- 
diaiole derivative 89 led to ..compound wid, high 5-HT, 
receptor ^„ity (1^ = ,.3 „M). but no selectivity data were 
reported. Hnally, supporting evidence for d,e ptoposed binding 
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conformation of the basic aminoethyl group was gained from 
the ctjAformationally rigid 5-hydroxy-l, 3,4,5-tetrahyd- 
robenz(oJ,ndole 90. which displayed good 5-HT, receptor 
affinity (K, = 7.2 nM). In addidon. compound 90 showed 
.-excellent selectivity over all die serotonin and dopamine 
receptors tested, with the lowest being against the 5-HT, 
receptor (44-fold selectivity). Two odier Merck patent appli- 
cations were published in June 2000 and May 2001 respec- 
cvely, describing novel sulfonyloxaaole-amine derivatives 
with affinity to the 5-HT« receptors. /„ uinc tests on d,e 
compounds indicated a selective affinity for S-HTj receptors 
of < 4 nM and were claimed to be 5-HT, receptor agonists or 
antagonists. However, no specific data were presented. N.N- 
dimethyl.2-phenyl-4-(4-mediyIphenylsulfonyl)oxazol-5-v|. 
amine 91 and N-[4-phenylsulfonyl-2-(pyridin-3-yl)oxa2o|.5- 
y Jmethylamine 92 were among the compounds specifically 
claimed 1117,1 is|. 1 ' 

3.5 Pharnwcia & Upjohn 

Two 5-HTs receptor patent applications appeared from the 
Pharmacia & Upjohn group (now Pharmacia) during 2001. 
One appl^non claimed a series of novel oxazincarbazole 
compounds arid a method for their use for the treatm rof 
CNS diseases (including anxiety disorder, psychosis, schizo- 
phrenia and depression) by modulation of 5-HT, receptor 
function. An in vino 5-HT, recenior k:„J- receptor 
PHI-LSn u \ 1? ' ""P'°' binding assay using 
hun^nnfuT " niembranes containing cloned 

human 5-HT« receptors was used to determine the potency 
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